This paper discusses a Knowledge Economy Skills Scholarship two (KESS2) under the Low Carbon, which crosses the Energy and Environment and also the Lifesciences and health economic priority areas of the Welsh Government and is to be undertaken by the final author under the guidance of the other authors. The KESS2 project will evaluate retrofit measures on upgrades to dwelling from the Arbed 1, 2 and 3 programmes in Wales, and also assess impacts upon energy performance, and occupant fuel poverty, health and wellbeing and thermal comfort. The significance of the research is that there are no other studies that address all these parameters; indeed, much of the work to date in the UK is focused upon investigating impacts upon the dwellings. The KESS2 project led by Cardiff Metropolitan University is undertaken and co-funded in collaboration with Being Greener at Melin Homes and builds upon a successful KESS1 project that evaluated the construction quality of retrofitted exterior wall insulation (EWI) on dwellings where the occupants were in fuel poverty between 2010 and 2014. Context to the academic, scientific and industrial challenges are discussed, as is the programme of work and the expected outcomes. This paper will be useful for academics, landlords of housing stock undergoing retrofit measures and government agencies funding retrofit upgrades to dwellings. © 2017 The Authors. Published by Elsevier Ltd. Peer-review under responsibility of KES International. 
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Introduction
This is a position paper and discusses a doctoral research project to be undertaken by the final author, under the guidance of the other authors, to evaluate retrofit measures on dwellings in Wales, and assessing impacts upon energy performance, and occupant fuel poverty, health and wellbeing and thermal comfort.
The KESS 2 project led by Cardiff Metropolitan University is undertaken and co-funded in collaboration with Being Greener at Melin Homes (Being Greener thereafter) a housing association that manages 3000 properties in south Wales, UK. The KESS 2 project builds upon a successful KESS 1 project also undertaken by Cardiff Metropolitan University and completed in 2015 [1, 2] . The KESS 1 project evaluated the construction quality of retrofitted exterior wall insulation (EWI) on dwellings where the occupants were in fuel poverty, and the impact upon occupant fuel costs and associated carbon emissions between 2010 and 2014 [3] . The dwellings assessed during the KESS 1 project had been upgraded following funding from the Welsh Government's Arbed 1 programme, as part of its policy agenda to improve the energy efficiency of existing dwellings in the top 10% most deprived areas in Wales [3] . The KESS 1 project developed and implemented a methodology to demonstrate the effectiveness or not of retrofitted exterior wall insulation installed on a number of dwellings in Swansea, Wales. The methodology included inspecting manufacturer's details and their execution on site, both visually and with thermography; interviews with occupants; and analysis of energy bills before and after retrofit upgrades [4] . In summary the results demonstrated that the main objectives of the Arbed I scheme, to reduce carbon emissions and fuel poverty were only partly achieved [3, 4] . Some of the key findings of the KESS 1 project are that none of the occupants were taken out of fuel poverty, although the EWI certainly helped in making a reduction to their space heating costs. It was also found that the payback for the retrofitted EWI was beyond its life expectancy, if achieved at all [ibid] . Furthermore, whilst the results of the KESS 1 project demonstrated that the Arbed programme is a really good method of funding retrofitted EWI, it was found that is unlikely that Arbed 1 contributed to meeting the requirements of the Climate Change Act 2008 and the Welsh Government's own carbon emission reduction target [ibid] . Further context to the KESS 1 project is given within this paper and the need for a second research project, now that ARBED II finished in 2014 and Arbed 3 is due to begin in the summer of 2017. The KESS 1 project did not undertake any investigation into the impacts of retrofit measures upon thermal comfort or occupant health and wellbeing, whereas the KESS 2 project will investigate these and a number of other variables that are documented within this paper.
Background and context to the KESS 2 project

KESS 2 programme
The KESS 2 programme links companies and organisations with academic expertise in the Higher Education sector in Wales to undertake collaborative research projects, working towards a PhD or Research Masters qualification [5] . The key objectives of KESS 2 are to increase the research capacity of small to medium enterprises (SMEs) and third sector organisations by linking with a PhD / Research Masters project and encourage these industrial partners to undertake research and recruit researchers that will be trained to conduct research. In addition, to support the development of key technologies in the Convergence Area of Wales. The KESS 2 project documented in this paper is funded under the low carbon, energy and environment theme [ibid].
Context to the low carbon, energy and environment KESS 2 project
Wales has seen two strategic energy performance funding programmes known as Arbed from 2010-2011 (ARBED I) and from 2012-2014 (Arbed 2) targeting existing dwellings for retrofit energy efficiency upgrades [6] . The need for addressing existing dwellings is that the majority of carbon emissions and fuel poverty issues in dwellings in the UK, are from existing dwellings [ibid] . The UK and in particular Wales has some of the worst and inefficient from an energy perspective of all dwellings within Europe, resulting in significant fuel poverty and potential impacts upon health and well-being of the occupants [7, 3, 4] . Retrofitted measures included exterior wall insulation, renewable energy systems, and new boilers and heating controls [7, 8, 9, 10] . Arbed 1 was managed between housing associations (developers and landlords of affordable and largely rented social dwellings), whereas Arbed 2 was managed by the Being Greener Business unit at Melin Homes in south and west Wales, and by UK national building contractor and facilities manager: Willmott Dixon in mid and north Wales [11] .
There have been three completed and published studies that analysed the effectiveness of the retrofit measures from the ARBED I programme, but not yet of ARBED II, or any follow on large scale retrofit programmes. The first study is the successful KESS I PhD project, led by Cardiff Metropolitan University (2010 to 2015) in collaboration with Coastal Housing Group and completed by Atkinson [2] . and Atkinson et al. (2015 and 2016 ) undertook a visual review of construction details as-designed and as-installed; thermography studies, occupant interviews, and analysis of heating bills: before and after retrofit works [2] . The KESS I project undertook the most detailed assessment of actual performance of the ARBED I dwellings due to the range of desktop studies combined with on-site observations and testing undertaken. The KESS I study found that although there was some alleviation from fuel poverty with greater thermal comfort due to increased utility prices the expected reductions from fuel poverty were not completely met. In addition, pre-installation survey techniques by contractors undertaking the retrofit measures and experience of installers was largely inadequate as unintended consequences occurred and resulted in lower than anticipated energy, fuel and carbon savings [2, 4] . The second study by Patterson [9] used desktop studies, some onsite observations, occupant interviews and steady state modelling with a Standard Assessment Procedure (SAP) tool and other such tools at Cardiff University developed in 2001. Patterson [ibid] findings were similar to the KESS I study and also identified closer planning and budgeting of works was needed. The third study by Woosey [12] also used steady state modelling with a SAP tool and also occupant interviews. The additional finding beyond that of the other studies were that some of the occupants had difficulty understanding how best to use the technologies installed, such as supposedly smart heating from heat pumps. This type of technology has been problematic for occupants in Wales [13] . The three studies recommended that further evaluation of the Arbed 1 and 2 programmes need undertaking [14, 8, 4, 9, 12] . In particular conducting long term (12 month minimum) monitoring of energy use compared with external climatic conditions and internal thermal comfort and indoor air quality, since it is not certain that occupants were completely alleviated from fuel poverty in the Arbed 1 programme of retrofitted dwellings [3, 4] .
What was not identified in any of the studies was the need for assessing the impacts of building retrofit measures on occupant health and wellbeing. For example were there any changes in indoor air quality and also thermal comfort, and how did they affect the building and subsequently the occupants themselves? Are occupants healthier post retrofit, or have they experienced any health issues? Of particular concern is that much of Wales is affected by the highest exposure for wind driven rain and therefore any retrofit measures of insulation to the exterior façade could have unintended consequences of moisture crossing the exterior face onto the interior face of exterior walls [15] . As a result this potential moisture ingress can impact upon internal occupant comfort, which will be explored in more detail during this project.
The environmental public health expertise brought to this project will involve the use of the short form 36 question questionnaire that enables data collection on eight health concepts [16] . Firstly, limitations in physical activities because of health problems; secondly, limitations in social activities because of physical or emotional problems; thirdly limitations in usual role activities because of physical health problems; fourthly bodily pain; fifthly, general mental health (psychological distress and well-being); sixthly, limitations in usual role activities because of emotional problems; seventhly, vitality (energy and fatigue); and finally general health perception [ibid] .
These questions are echoed by the industrial partner in the KESS2 project (Being Greener) which led to the development of this project, and a successful funding grant from the Welsh Government in August 2016. In addition, there is a need to identify whether there is a performance gap, between the predicted upgraded performance and the actual performance in practice in the Arbed 1 and 2 dwellings, which the long term monitoring will help to provide some answers; and these findings can link into the projects to be funded under Arbed 3. However, monitoring does not identify workmanship or product issues that can affect the actual U value of upgraded building fabrics, such as exterior walls. The thermography tests undertaken in the KESS I study were qualitative [17, 2, 8] identifying heat loss pathways and thermal bridges in construction only. So, in-situ U value tests will be undertaken on a number of sample exterior walls to identify their actual performance. The InnovateUK funded UK wide Building Performance Evaluation programme (2010) (2011) (2012) (2013) (2014) (2015) found that ineffective workmanship was common in constructing new dwellings, caused in part by worse than predicted U values, resulting in higher than predicted energy use and carbon emissions [18] . The KESS I study [14, 2, 18] found from site observations that workmanship was an issue on some of the Arbed 1 dwellings receiving retrofitted insulation. So, the KESS 2 project extends the learning from the previous three studies, and focusses on developing key performance indicators (KPIs) that will benchmark how to educate occupants so that they can influence their own health and wellbeing related to energy use and thermal comfort. In addition, to identifying the most appropriate fabric system and system retrofit upgrades to achieve energy and carbon savings and for fuel poverty alleviation and applying these upgrades to traditional and non-traditional construction and testing and monitoring the impacts upon the KPIs to the large scale retrofit programmes, which Melin and will be engaged with over the course of the project.
In particular the KESS 2 project will work with Being Greener to evaluate the impact of retrofit upgrades to existing dwellings from a number of traditional and non-traditional construction types built since 1940 in Wales' convergence areas. The Being Greener team have undertaken/managed/are managing some of Wales' largest retrofit programmes (including Arbed 1 and 2 and are bidding to manage Arbed 3, which is circa £35Million) to dwellings in convergence areas and where occupants are in fuel poverty. The variables to be investigated include: i). occupant behaviour and education in relation to energy use and utilisation of energy saving systems and controls (some staff from Melin will provide assistance with this work). ii). Identifying the optimum construction details and systems for upgrading the building fabric, heating and ventilation systems and their controls to reduce heating costs and carbon emissions, yet provide comfortable internal conditions. iii) Energy use, indoor air quality, fuel costs for heating and power and the impacts upon fuel poverty and occupant health and wellbeing. This will lead to the development of key performance indicators for the variables and a measure to investigate how retrofit measures can contribute to the positive impact upon future generations, for improved environments in their homes with affordable heating, thereby increasing the social connections between families and communities. As such there are a number of academic, scientific and technical challenges that this KESS 2 project is attempting to investigate, as follows: 
Industrial partner requirements
Considering the academic, scientific and technical challenges, Being Greener has recognised that this KESS 2 project will be greatly beneficial, both in terms of growing their own activities and also in the expertise and quality of the domestic retrofit energy efficiency sector as a whole in Wales. In particular and in relation to EWI, the Welsh housing sector has seen substantial growth in a small number of years, since ARBED I was introduced in 2009 [6] . Often, this growth and demand has been led via the retraining of traditional skills such as carpentry and plastering, but with a disconnect between the quality and technical aspects of the skills required. Fundamental to this KESS 2 project is determining how dwellings that have had retrofit measures to improve building performance and occupant comfort, through the ARBED and ECO programmes, enable Being Greener and their stakeholders and their householders meeting one of the seven foundations of the Welsh Government's Well Being of Future Generations Act: 'living within global environmental limits, managing our resources efficiently and valuing our environment is critical' [19] Some of the questions that Being Greener wish to investigate as part of this KESS 2 project are summarised below:
• how best to measure actual building performance -energy use, • the most appropriate and cost effective retrofit construction details from the numerous available from various manufacturers, • the impacts upon occupant behaviour, thermal comfort and indoor air quality and thus health and wellbeing, • how to quantify the actual alleviations from occupant fuel poverty, and thus reductions in carbon emissions, • how best to retrofit hard to treat construction typologies, such as traditional and non-traditional Wimpey No Fines, Llaing Easi-form, BISF, Arcal, Aireys and other cavity walls and also Park Homes.
Being Greener's need is driven by the continual involvement in managing large scale retrofit programmes to existing dwellings in Wales and as such their work impacts on many stakeholders from dwelling occupants, to the installers from micro and small and medium enterprises from across Wales [20] . This has arisen, after Being Greener project managed the Welsh Government's second round of funding under the Strategic Energy Performance Funding Programme (Arbed II) that has provided funding to improve the energy efficiency of the existing housing stock within convergence areas for both public and privately owned properties. Retrofit measures have principally included insulation, new boilers and controls, and renewable energy technologies. The Arbed II programme has been followed up by a number of grant funding initiatives, with a further Arbed III three year programme due to commence in May 2017.
One of the key strengths of this KESS 2 project is that the supervision team are multi-disciplinary and Being Greener see working with Cardiff Metropolitan University as fundamental to the success of the above initiatives, particularly as Littlewood and Karani have already successfully supervised a KESS I project to completion, impacting upon the industrial partner's work processes during retrofit projects [2, 8, 4] . Furthermore, Atkinson, in her role with the Carbon Trust Wales in Wales has some responsibility for monitoring the quality of installations funded by Welsh Government via grants to local authorities [21, 22] . As such, Atkinson has worked with Being Greener in understanding some of the practical issues of retrofit. It is anticipated that this close working relationship would further benefit information and mentoring for the doctoral student and the KESS 2 project [23] .
Being Greener are also seeking to improve the monitoring and evidential base of information in relation to the impact of retrofit energy efficiency measures in relation to general health and well-being. The improvements in energy performance and reductions in carbon emissions and thus alleviation from fuel poverty and impacts upon health and wellbeing for occupants is less than clear, since there was very little money available for monitoring the thousands of dwellings that have been upgraded across Wales.
Methodology
This KESS 2 project will adapt the multi-method approach for assessing building performance and impacts upon occupants as developed in the KESSI project, completed in 2015 [2, 3, 4, 8, 10, 14, 17] . In particular, construction detail analysis from site observations of installed manufacturer's details ( Fig. 1 below highlights thermal bridge problems to windows sills, where the reveals were not insulated), thermography (see Fig. 2 below, which highlights heat loss from exterior walls in a number of locations where the retrofitted exterior wall insulation was installed), occupant interviews, utility bill analysis, see Figure 1 and 2 below. In addition, during the KESS 2 project the methodology will be enhanced to include a more holistic approach to assessing the impact of retrofit upgrades on dwellings and users. This will include the use of the SF36 questionnaire, to assess impacts of indoor air quality and thermal comfort upon occupant behaviour and ultimately their health and wellbeing [16] . The SF-36 was designed for use in clinical practice and research, health policy evaluations, and general population surveys and is a multi-purpose, short-form health survey with only 36 questions. The SF-36 includes one multi-item scale that assess eight health concepts: 1) Limitations in physical activities because of health problems; 2) Limitations in social activities because of physical or emotional problems; 3) Limitations in usual role activities because of physical health problems; 4) Bodily pain; 5) General mental health (psychological distress and well-being); 6) Limitations in usual role activities because of emotional problems; 7) Vitality (energy and fatigue); 8) General health perceptions.
The SF-36 was developed for self-administration by persons 14 years and older, or for completion by a trained interviewer in person or by telephone. These properties make the SF-36 an ideal tool for the identification of the eight health concepts and their monitoring over the study period. The SF-36 has proven useful in surveys of general and specific populations and has been documented in nearly 4,000 publications [ibid].
In addition, other methods will include physically monitoring a number of environmental parameters in a number of case studies including air quality (particulates and carbon dioxide) temperature, relative humidity, and exterior climate. Furthermore, a number of key performance indicators will be developed to benchmark before and after retrofit impacts. Exterior wall insulation installation -defects identified post-retrofit using thermography [2, 8] There are a number of work packages for this project as outlined in Table 1 below.
Potential project outputs
The anticipated outputs of the project will include a set of KPIs for retrofit fabric and systems and strategies for occupants to maximise health and wellbeing and minimise energy costs [23] . In addition to a methodology combining physical and social monitoring methods that can be used by Being Greener and other housing associations in order to: retrofit existing dwellings for maximising occupant thermal comfort and health and wellbeing through improved fabric and systems that lead to reduced energy use, carbon emissions, reducing fuel poverty and aimed to be a best practice guide that provides optimised solutions which are cost effective and minimise energy use, carbon emissions and fuel poverty for existing houses.
In Wales, the Welsh Government have four grand challenge economic priorities including 'low carbon, energy and environment' and also 'life sciences and health; and this KESS2 project crosses both these priorities. This is because the lessons learnt from the development of optimised retrofit detailing for enhanced thermal performance and occupant health and wellbeing, in addition to monitoring the traditional and non-traditional dwelling construction dwellings will enhance future generations in Wales with wide spread support and implementation of energy efficiency and low carbon technologies leading to enhanced occupant wellbeing [24] . Additionally, by studying the programme of energy efficiency advice and behaviour change offered as part of these programmes, more evidence may be provided in relation to the effectiveness of direct support and training to individuals. Being Greener 'Little by Little' Team have previously provided such support to householders following energy saving measures being installed. It is now their intention to provide this support prior to any works commencing to properties and to then sustain this during works and for a period after. This will also allow the gathering of far more data to support the doctoral programme. Analyse data from work package two and develop key performance indicators (KPIs) for the four typologies and occupants for a range of building fabric and system variables, the eight health principles, energy costs and carbon emissions. Provide recommended retrofit options for the building fabric and systems for the ECO and Arbed III programmes; and collect social and technical data. It also anticipated that there will be significant economic, social and environmental benefits for the convergence region of West Wales and the Valleys, as indicated below. A convergence region is one which has been identified by the European Union where the per capita gross domestic product (GDP) is 75% or less of the European Union average, and the West Wales and Valleys region qualifies for this funding, which is the highest level of support available from the European Union; comprising 15 local authorities [25] .
• Further learning will be applied from previous academic studies and reviews of Arbed I, Arbed II and similar programmes. As the research project will be over three years and will be working directly with Being Greener, there will be real time opportunities to apply learning across all areas such as process, savings for households, improvements to systems being installed to homes, working with installers and suppliers and developing supply chains and expertise within the convergence area.
• Being Greener have worked closely with Welsh Government and Value Wales (Value Wales drives best practice in procurement across the Welsh public sector) in implementing and widening the use of their Community Benefit Measurement Tool [26] . They have developed the 'Community Benefit Measurement Tool', which captures the value of Welsh Government investment in Wales and is a requirement for a number of funded projects. The Being Greener Team at Melin Homes has worked with Value Wales and headed the implementation and reporting of the Tool. The aim of the tool is to quantify how, by recording spend on projects such as Arbed 2, the value of the investment can be maximised. The toolkit has a multiplier that can determine the value of investment and its overall effect on the Welsh Economy, with a maximum multiplier of £2. In delivering the Arbed 2 project, Melin Homes was able to engage with Welsh small and medium enterprises suppliers (for materials, installation and other services). As the spend was invested into Wales based organisations, the Community Benefit Tool recorded this and returned the multiplier effect at £2 (i.e. for every £1 spent with Wales based businesses etc., the value to the Welsh Economy was shown to be £2. So, if the value of the project was £25Million, with the £2 maximum multiplier the value to the Welsh Economy would have been £50Million. Another example is given in the penultimate bullet point in this section below.
• Following from a previous KESS I project [2, 8] shortfalls have been identified in some of the retrofitting detailing and application of energy efficiency measures, particularly in regard to the application of external wall insulation. Being Greener has in place an OJEU procured Framework of Suppliers and Installers. The sixth author of this paper (the doctoral student) will work closely with Being Greener, Framework Partners and installers in order to maximise the efficiencies, application and benefits of installing all energy efficiency measures. This will help to ensure that those working on the project and in the convergence areas are at the forefront of developments in the retrofit of domestic homes.
• In the previous projects they have undertaken (Arbed 1, Arbed II, Little by Little and other retrofit programmes) Being Greener has consistently demonstrated they are able to over deliver in benefitting the convergence and competitiveness areas they have worked in. During Arbed II Being Greener helped to create nearly 400 new full time jobs, provided in excess of 80,000 hours of training, worked with Wales based SMEs to develop and enable them to take on the role of Principal Contractor and improved the energy efficiency of several thousand homes [23] .
• The benefits that may be achieved have been evidenced in the Community Benefit Measurement Tool submission made to Value Wales by Melin Homes in relation to Arbed II. This has demonstrated that, with an investment of £27.1million, the benefit to the Welsh economy was in excess of £54.6milllion [27] . So, the importance of this as part of KESS2 is the work that the team are undertaking is not just about the physical energy efficiency measures (EEM's) that are being delivered. Welsh Government are committed to Sustainable Development and have this enshrined via legislation such as the Wellbeing of Future Generations Act (Wales) 2015 [19] . The aim, objectives and outcomes of this KESS2 research project will enable Being Greener to demonstrate that, by joining the physical implementation of EEM's with social factors, investment, economy, health and environment, the impact of the retrofit projects that they undertake are dramatically improved.
• Delivering an energy efficiency project is relatively straightforward -any contractor or 'BIG 6' energy company can do that. But, the impact is limited, the quality can be questionable, the social, environmental and economic benefits are lesser and more difficult to assess. The approach we adopt means that those impacts are far greater and, often, more measurable. This KESS II project will be key in ensuring that the widest range of benefits (as outlined above) are recorded, quantified, demonstrated and reported.
• If, as is expected, the project leads to improvements in many aspects of the domestic energy efficiency retrofit market this will, in turn, lead to substantial opportunities for the further development of SMEs , for training and employment and will impact on the case for regional and central government to make more funding available for such programmes.
Discussion
This paper has set out the context to the KESS 2 project which is to work with Being Greener a housing association that manages circa 3000 dwellings in south-east Wales and has managed the Arbed 2 programme for west Wales and the Valleys. At the time of writing there have been no results, since the project is not due to commence until the end of May 2017. The KESS 2 project builds upon a KESS 1 project principally focused on enhancing a multimethodological approach to assessing the impacts of retrofit fabric upgrades upon occupants [2, 3, 4, 8, 10, 14, 17] . The KESS 1 project provided findings on executed construction quality using thermography, and also occupant interviews and analysis of energy usage and costs data from utility providers. Whilst, the KESS 1 project was successful there was limited time and budget to monitor the impact of retrofit upgrades upon occupant comfort and health and wellbeing. The KESS 2 project will expand the KESS 1 methodology and develop KPIs that include data on occupant comfort and health and wellbeing.
Conclusions
This paper has discussed the background to a Knowledge Economy Skills Scholarship (KESS) 2 (as discussed in Section 2.1) doctoral research project to be undertaken by the fifth author on this paper, which is due to commence in May 2017 for three years. Context to an earlier study, also a KESS (1) doctoral project has been given, which was completed in 2015 with numerous publications, that developed a holistic assessment methodology including visual and thermography inspections of construction details on site, occupant interviews and analysis of energy bills -all before and after retrofit upgrades. The common golden thread between both KESS projects is that they both use dwelling case studies where occupants are in fuel poverty in Wales. Context to the academic, scientific and industrial challenges have been discussed and also the multi-methodological approach to be undertaken. In particular the need to build upon the limitations of the KESS 1 project by also collecting data on occupant comfort and energy use, and impacts upon occupant health and wellbeing from the retrofit upgrades. The potential project outcomes are also discussed which include a set of KPIs for retrofit fabric and systems and strategies for occupants to maximise health and wellbeing and minimise energy costs. In addition, to meeting several of the Welsh Government's wellbeing goals: a healthier Wales, a prosperous Wales and a resilient Wales. A proposed workplan is also discussed and illustrated.
